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Three kinds of lactic acid bacteria were isolated from spoiling cooked meat products stored below 10°C. They
were identified as Leuconostoc mesenteroides subsp. mesenteroides, Lactococcus lactis subsp. lactis, and Leuconos-
toc citreum. All three strains grew well in MRS broth at 10°C. In particular, L. mesenteroides subsp. mesen-
teroides and L. citreum grew even at 4°C, and their doubling times were 23.6 and 51.5 h, respectively. On the
other hand, although the bacteria were initially below the detection limit (<10 CFU/g) in model cooked meat
products, the bacterial counts increased to 108 CFU/g at 10°C after 7 to 12 days.

Lactic acid bacteria are widely used in the manufacturing of
fermented foods, but occasionally they have a negative impact
on beer products (20, 23) and cooked meat products (1, 3, 4, 5,
6, 15, 17, 21), for example. Cooked meat products are hygien-
ically handled and are packaged in a vacuum or modified
atmosphere during manufacturing; such products are expected
to be able to maintain good sensory quality for 2 to 4 weeks if
they are stored below 10°C. However, spoilage sometimes oc-
curs within the shelf-life period, requiring the producer to
make recalls (4, 15). Some spoilage bacteria produce such
typical changes as souring and the formation of gas, slime,
and/or white liquid. Most of the spoilage bacteria have been
identified as lactic acid bacteria (4, 6, 15). After products are
packaged, populations of these bacteria in the product are not
usually detected below 10 CFU/g, even if the product later
spoils quickly (2, 3, 17). This inability to detect bacteria leads
to increased damage and product recalls. Since the behavior of
these bacteria is still poorly understood, this study was de-
signed to identify and elucidate the behavior of spoilage bac-
teria in cooked meat products, ultimately in order to help
predict occurrences of spoilage.

Three spoilage samples of commercially available cooked
meat products were obtained. These samples were diluted 10-
fold with a sterile 0.85% NaCl solution and treated with a
stomacher (Pro-media SH-001; Elmex Ltd., Tokyo, Japan) for
1 min, and serial dilutions were prepared. Bacterial counts
were determined by plate counting with MRS agar (Oxoid
Ltd., Basingstoke, United Kingdom). The colonies were se-
lected at random from the MRS agar plates and cultured on
MRS agar again. MRS agar plates with the pure culture were
used for Gram staining, catalase testing, and morphology test-
ing. Each pure culture was further characterized by the mea-
surement of gas production from glucose, 16S rRNA analysis,
biochemical tests, and halotolerance analysis. Gas production
from glucose in MRS broth (Oxoid Ltd.) at 30°C was esti-

mated. 16S rRNA analysis was performed according to the
method of Collins et al. (8). The sequence and search were
determined by using a MicroSeq 500 16S ribosomal DNA
bacterial sequencing kit (Applied Biosystems Inc., Foster City,
Calif.) and the MicroSeq 16S ribosomal DNA sequence data-
base (Applied Biosystems Inc.), respectively. Biochemical tests
were performed by using the API 50CH system (bioMerieux
s.a., Marcy-l’Etoile, France). Test preparations were incubated
at 30°C, and readings were made after 24 and 48 h. Halotol-
erance was estimated by measuring growth in MRS broth con-
taining 4.0 or 6.5% NaCl at 30°C.

Growth rates at 10 or 4°C were based on cell numbers,
determined by plate counting with MRS agar, in MRS broth.
Precultures of the isolates were prepared by incubation in
MRS broth at 30°C for 24 h. A dilution series to 10�7 was
prepared, and the cultures were incubated in MRS broth at 10
or 4°C. The data were collected in a Microsoft Excel spread-
sheet, and the growth rates were determined by using expo-
nential curve fitting. Growth curves at 30 to 40°C were ob-
served with optical density at 660 nm. The preculture (1 ml)
was added to the MRS broth (100 ml) and incubated at 30, 35,
37, or 40°C.

Sterile cooked meat products were prepared to prevent any
influence of bacterial impurities. Commercially available sliced
loin hams were vacuum packed and then heated at 70°C for 20
min and subsequently cooled to room temperature once a day.
These steps were carried out three times over a period of 3
days, and the hams were held at room temperature between
these steps. As no bacterium was detected after incubating the
hams in MRS broth at 30°C for 24 h, the hams were regarded
as sterile and were used as model cooked meat products. The
hams were inoculated with one of the isolates from the spoil-
age samples. The cells of the isolates were washed with sterile
0.85% NaCl solution twice and diluted to approximately 103

CFU/ml. Random places on the model cooked meat products
(50 g each, in plastic bags [PYXON-10; Elmex Ltd.]) were
inoculated with cell suspensions (0.1 ml), introduced drop by
drop, and the cells were spread by lightly crumpling the bag.
The inoculated hams were individually sealed under aseptic
aerobic conditions and stored at 10°C. During storage, the
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packed hams were subsequently removed one by one for mi-
crobiological analysis.

The three spoilage samples showed different types of spoil-
age. In one vacuum-packaged sliced loin ham (product A),

slime and gas were formed, and in another package of the same
type (product B), the meat was soured. On the other hand,
white liquid appeared in a modified-atmosphere-packaged
wiener sausage (product C). The bacterial numbers were over
108 CFU/g, even if bacteria were not detected (�10 CFU/g) in
the initial product analysis. Several spoilage organisms were
isolated from the plate with the highest dilution and classified
into three groups based on their characteristics. All of them
were gram positive, catalase negative, and coccoid. The other
characteristics are shown in Table 1. Strain MCRI 1 (culture
collection of Marudai Central Research Institute) isolated
from product A was consistent with Leuconostoc mesenteroides
subsp. mesenteroides or subsp. dextranicum according to a com-
parison with its 16S rRNA sequence. According to acid pro-
duction from L-arabinose, 6.5% NaCl tolerance, and the other
characteristics, strain MCRI 1 was identified as L. mesen-
teroides subsp. mesenteroides (9, 11). Strain MCRI 3, isolated
from product B, was closest to Lactococcus lactis subsp. lactis
or subsp. hordniae according to 16S rRNA analysis. It pro-
duced acid from ribose, galactose, maltose, and lactose and
grew in 4.0% NaCl. Based on these characteristics, strain
MCRI 3 was identified as Lactococcus lactis subsp. lactis (22).
Strain MCRI 4, isolated from product C, was identified as
Leuconostoc citreum by 16S rRNA analysis and other charac-
teristics (9).

All of these organisms grew at 10°C in MRS broth and
tended to grow more rapidly than the other lactic acid bacteria:
Pediococcus acidilactici JCM 5885, Lactobacillus plantarum
JCM 1149, Enterococcus faecalis IFO 12968, and Lactobacillus
fermentum IFO 3956 (Fig. 1A). L. mesenteroides subsp. mesen-
teroides MCRI 1 and L. citreum MCRI 4 grew even at 4°C (Fig.
1B). L. mesenteroides subsp. mesenteroides MCRI 1 showed the
most rapid growth; its doubling times were 4.7 h at 10°C and
23.6 h at 4°C. The doubling times of L. citreum MCRI 4 were
4.8 h at 10°C and 51.5 h at 4°C, and that of Lactococcus lactis
subsp. lactis MCRI 3 was 11.1 h at 10°C. The optimum growth
temperature of L. mesenteroides subsp. mesenteroides MCRI 1
and of L. citreum MCRI 4 was 30°C, and the maximum for each
was 37°C (Fig. 2A and C). In the growth of Lactococcus lactis

FIG. 1. Growth rates of Leuconostoc mesenteroides subsp. mesenteroides MCRI 1 (F), Lactococcus lactis subsp. lactis MCRI 3 (Œ), Leuconostoc
citreum MCRI 4 (�), P. acidilactici JCM 5885 (E), Lactobacillus plantarum JCM 1149 (�), Enterococcus faecalis IFO 12968 (‚), and Lactobacillus
fermentum IFO 3956 ({) in MRS broth at 10°C (A) and 4°C (B).

TABLE 1. Characteristics of isolates from spoiling
cooked meat products

Characteristic

Test result witha:

Leuconostoc
mesenteroides subsp.

mesenteroides
MCRI 1

Lactococcus
lactis subsp.

lactis
MCRI 3

Leuconostoc
citreum

MCRI 4

Gas production from glucose � � �

Acid production fromb:
L-Arabinose � � �
Ribose � � �
Galactose � � �
D-Fructose � � �
D-Mannose � � �
Sorbitol � � �
Amygdalin � � �
Arbutin � � �
Esculin � � �
Maltose � � �
Lactose � � �
Melibiose � � �
Sucrose � � �
Trehalose � � �
D-Raffinose � � �
Starch � � �
D-Turanose � � �

Growth in:
4.0% NaCl � � �
6.5% NaCl � � �

a �, positive; �, negative. Based on their 16S rRNA sequences, the closest
relative of Leuconostoc mesenteroides subsp. mesenteroides MCRI 1 was Leu-
conostoc mesenteroides subsp. mesenteroides or subsp. dextranicum (100% iden-
tity; 535 of 535 bases), that of Lactococcus lactis subsp. lactis MCRI 3 was
Lactococcus lactis subsp. lactis or subsp. hordniae (99.81% identity; 534 of 535
bases), and that of Leuconostoc citreum MCRI 4 was Leuconostoc citreum
(99.81% identity; 534 of 535 bases).

b Tests were performed by using the API 50CH system; readings were taken at
48 h.
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subsp. lactis MCRI 3, it was expected that the optimum and the
maximum temperatures would be 30 to 35 and 37 to 40°C,
respectively (Fig. 2B).

In the model cooked meat products, the isolates grew rap-
idly at 10°C and finally caused spoilage similar to that found in
their isolation sources. Although the bacterial counts were
initially �10 CFU/g, this increased to 108 CFU/g after 7 to 12
days (Fig. 3) of shelf life.

In this study, three bacteria were isolated and identified.
L. mesenteroides subsp. mesenteroides and L. citreum had al-
ready been isolated from various types of cooked meat prod-
ucts and identified as a frequent source of spoilage (4, 15, 21).
Lactococcus lactis subsp. lactis is known to be an important
organism for milk fermentation in dairy products. On the other
hand, it has also been isolated from bean sprouts (7), fer-
mented fish products (18), and fermented sauerkraut (12). In
addition, Barakat et al. (1) and Rodriguez et al. (19) isolated
Lactococcus lactis from meat products. In this study, Lactococ-
cus lactis subsp. lactis was isolated from a spoiling loin ham, so
it seems to have a more widespread habitat than that recog-
nized up to the present time and to be one of the spoilage
organisms in cooked meat products. Furthermore, other lactic
acid bacteria, for example, Carnobacterium spp., Enterococcus
spp., Lactobacillus spp., Pediococcus spp., and Weissella spp.,
have also been identified as spoilage organisms in cooked meat
products (2, 5, 6, 15, 21). Various genera and species of lactic
acid bacteria, in particular, are regarded as such.

L. mesenteroides subsp. mesenteroides MCRI 1 and L. cit-
reum MCRI 4 are regarded as psychrotrophs, because they
grow at temperatures between 0 and 7°C (13). Also, Lactococ-
cus lactis subsp. lactis MCRI 3 seems to be close to psychro-

trophs, with relatively rapid growth at 10°C. Most psychro-
trophs important in foods belong to Pseudomonas spp., Vibrio
spp., Brochothrix spp., and other genera (13), but usually they
are not related to the spoilage of cooked meat products. Psy-
chrotrophs are probably destroyed during heating at temper-
atures of approximately 70°C (3, 5, 6, 15, 17, 21). After steril-
ization by cooking, products may be recontaminated with a few
microorganisms, including psychrotrophs, by processes such as
slicing and packaging, even if such processes are hygienic (3,
15). In cooked meat products, nitrite inhibits most bacterial
growth by suppressing the electron transport system in the
respiratory chain (16), but the growth of lactic acid bacteria is
not inhibited (6, 14) because they do not possess an electron
transport system. Furthermore, vacuum packaging, modified-
atmosphere packaging, and other types of packaging may sup-
port the inhibitory effect. In results consistent with that phe-
nomenon, Blickstad and Molin (5) found that the predominant
organisms on fresh smoked pork loin products and frankfurter

FIG. 2. Growth curves of Leuconostoc mesenteroides subsp. mesen-
teroides MCRI 1 (A), Lactococcus lactis subsp. lactis MCRI3 (B), and
Leuconostoc citreum MCRI4 (C) in MRS broth at 30°C (●), 35°C (�),
37°C (Œ), and 40°C (X). ABS, absorbance.

FIG. 3. Growth of Leuconostoc mesenteroides subsp. mesenteroides
MCRI 1 (●), Lactococcus lactis subsp. lactis MCRI 3 (Œ), and Leu-
conostoc citreum MCRI 4 (�) in the model cooked meat products at
10°C.
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sausages were Bacillus spp., coryneform bacteria, Flavobacte-
rium spp., and Pseudomonas spp., but at the end of the storage
time, the microflora consisted mainly of Lactobacillus spp.

In conclusion, the results of this study suggest that psychro-
trophic lactic acid bacterial contamination, even at bacterial
counts below 10 CFU/g, can cause rapid spoilage of cooked
meat products in the refrigerator. Although the presence of
nitrite inhibits most psychrotrophs from contaminating prod-
ucts after they are cooked, this is not the case with psychro-
trophic lactic acid bacteria, whose growth continues and even-
tually causes spoilage. Usually, a routine bacterial analysis of a
product cannot detect a small quantity of microorganisms,
because such analysis is quantitative, taking the form of plate
counting with a detection limit of 10 CFU/g (2, 3, 10, 17). With
such methods, initial product analysis will not enable produc-
ers to predict spoilage. Producers should therefore adopt a
qualitative and selective analysis for lactic acid bacteria.
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